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ABSTRACT
Quality evaluation of  “kokoro” fortified with cowpea flour (0, 10, 20, 30, and 40 %) was studied. The blends were 
reconstituted into a thick paste, manually moulded into kokoro stick and deep fried in hot vegetable oil at about 
1700C for 5 minutes. These flour blends were analyzed for pasting, proximate and functional properties. The result 
showed that there was significant difference (p < 0.05) in the proximate composition in all the bends. The protein 
content ranged from 15.20 – 23.03% while ash content was between 1.29 – 1.90%, which increased with increase in 
cowpea flour. The carbohydrate, fat and fiber contents decreased with values ranging from 59.17 – 65.00%, 3.24 – 
4.40% and 2.23 – 2.96%, respectively. The pasting characteristics of  the maize cowpea blends gave a peak viscosity 
ranging from 510 – 702 cp. There was no significant difference (p > 0.05) in the pasting time and temperature. The 
functional properties reflected that water absorption, oil absorption and foaming capacity significantly increased 
with increase in cowpea flour with their values ranging from 186.67 – 210.00 g/100 g, 163.33 – 195.00 g/mg and 
30.73 – 39.27% respectively. Bulk density also followed the same trend. Sample CAF (100% maize) reflected the 
highest dispersibility value (6.63%). No significant difference (p > 0.05) was observed in the swelling capacity and 
least gelatinization concentration. Although the sensory result indicated that increase in cowpea flour does not show a 
significant difference (p > 0.05) in the sensory parameters, the overall acceptability of  the samples was highly rated. 
Keywords: Maize, cowpea, physicochemical properties, kokoro, fortification.
Introduction  
Cereal grains are used for production of  different 
classes of  foods. These include breakfast cereals 
like cornflakes, bread, pastries, brewing of  both 
alcoholic and non alcoholic drinks. In different 
cultures and societies, staple foods are also 
produced for use as compliments for soups, 
gravies and stews and they supply the basic energy 
requirement of  the consumer. They are also used 
for production of  different snack foods which are 
eaten to prevent hunger before main meals or just 
as relish, however in most cases, they are deficient 
in some essential amino acids like lysine. These 
amino acids can be supplemented in the food by 
complimenting the maize with legume such as 
groundnut, soya beans, cowpea which are better 
sources of  sulphur containing amino acids (Okaka, 
2005). These usually improve balance of  amino 
acid in the product made from such combinations 
(Ameida-Dominguez et al., 1990).
Most often snack foods do not provide adequate 
nutrient quantities needed by the body (Omueti 
and Morton, 1996). This may be due to their 
composition or due to the production process they 
went through. Whatever is responsible for the poor 
nutritional content, it is necessary to ensure that 
every food consumed by an individual contains 
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required nutrients in adequate amount. This is 
especially due to the fact that many people now 
work outside their homes and are becoming more 
dependent on snacks for the supply of  part of  
their daily nutritional requirements. It is therefore 
necessary to produce a highly acceptable snack 
with high nutritional quality that could be useful 
in nutritional programmes to combat malnutrition 
and nutrient deficiencies (Rosa et al., 2003).
‘Kokoro’ is a popular local snack, made and consume 
during the day, usually alone or with roasted 
groundnut and washed down with soft drink or just 
water by the people of  South Western Nigeria. It 
is made from maize flour which contains primarily 
carbohydrate.
As a product that is consumed on such wide scale, it 
would be important to enhance its nutritional value. 
Addition of  vegetable protein such as textured 
vegetable protein could be one way of  raising the 
nutritional value of  the product by introducing 
more protein into it (Rosa et al., 2003). The 
possibility of  producing acceptable kokoro with 
better nutritional content and sensory quality from 
maize flour fortified with cowpea was investigated. 
The objective of  this study was to increase the 
nutritional content of  the snack (kokoro) as well as 
increase the use of  cowpea which is readily available 
compared to beniseed used by Ayinde et al., 2012.
Materials and Methods
The dried samples of  high quality maize and 
cowpea used for the study were bought from 
Ikorodu market in Lagos, Nigeria. The processing 
time, temperature and all unit operations were 
monitored.
Production of fortified kokoro
The dry maize and cowpea were cleaned and 
sorted to remove stones, dirt and debris. The 
cleaned cowpea grains were weighed and dehulled 
manually. They were then dried at 55 – 60oC for 
20 h. The dried cowpea grains were dry milled 
to obtain the cowpea flour. The dry maize grains 
were winnowed to remove dust, dirt and foreign 
matter. They were conditioned to soften the hulls. 
The hulls were removed, dried and ground into 
corn meal using a milling machine. About 400 g 
of  each blends (maize/cowpea flour blends) were 
mixed thoroughly in various proportions: 100:0, 
90:10, 80:20, 70:30 and 60:40 maize: cowpea blends 
respectively. The control was made from maize 
alone. The flour obtained was mixed with equal 
amount (2 g) of  salt, water, onion to form thick 
dough. It was cut into sizes, manually rolled into 
noodle shapes and deep fried in hot vegetable oil at 
170oC for 5 min. The fried maize based snacks were 
left to cool, drained and packaged in polythene. The 
flame intensity was constant throughout the deep 
frying of  all the samples (Olapade et al., 2002). 
Determination of physico-chemical and 
functional properties
The percentage protein, moisture content and fat 
content were determined using the method of  
Pearson (1976). The percentage fiber in the original 
sample was calculated using the method described 
in A.O.A.C. (2005). The carbohydrate content was 
calculated by difference; %CHO = 100 – (sum of  
the percentage of  moisture ash, fat, protein and 
crude fiber). Dispersibility was achieved according 
to the procedure of  Kulkarni (1991). Bulk density 
(loose and packed), oil absorption capacity, and 
foaming and swelling capacity were determined 
using the method of  Fasasi et al. (2004). The pasting 
properties of  the samples were determined using 
the procedure of  Newport (1998).
Sensory evaluation of fortified kokoro (maize 
chips) 
Quality attributes of  the kokoro made from 100% 
corn paste and corn paste substituted with 10, 20, 
30 and 40% cowpea respectively were assessed by 
30 member sensory panelists. The panelists were 
supplied with a form and asked to score the samples 
using the 9 point Hedonic scale with respect to taste, 
colour, crispiness, flavor and overall acceptability. 
The scores were ranked and subjected to statistical 
analysis.
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Results and Discussion 
The results in Table 1 show the proximate 
composition of  maize-cowpea blends. There was 
significant difference (p < 0.05) among all the 
samples. The protein content and ash content 
increased with increase in the level of  cowpea 
added while the level of  carbohydrate, crude fiber 
and fat decreased with increase in the substitution 
with cowpea flour. The value of  protein ranged 
from 15.20 – 23.03% with sample CAF (100:0) 
having the lowest and sample ACB (60:40) having 
the highest values. Okaka (2005) reported that 
protein can be supplied to food by supplementing 
cereals (maize) with legumes such as groundnut, 
soyabean and cowpea which are better sources of  
protein. It has also been a well established fact that 
most leguminous plant seeds are rich in nutrients 
such as digestible protein with good array of  amino 
acids and minerals (Fagbemi et al., 2004). The 
carbohydrate and fat contents ranged from 59.17 – 
65.00% and 3.50 – 4.40% with CAF (100:0) having 
the highest content, and it significantly decreased 
with increase in cowpea flour, with sample ACB 
(60:40) having the lowest carbohydrate and fat 
contents. The reduction in fat may be associated 
with the fact that maize naturally contains more 
amount of  fat than cowpea (Ihekoronye and 
Ngoddy, 1985). The storage life of  the blend may 
be increased due to low fat content since high 
fatty foods are potentially susceptible to oxidative 
rancidity. The ash content ranged from 1.29 – 
1.90% which were lower compared with the value 
reported by Onuh and Abdulsalam (2009) for apula 
snack made from maize-bambara nut blend (1.66 – 
2.86%). The crude fiber ranged from 2.23 – 2.96%. 
Sample CAF had the highest crude fiber content 
and sample ACB had the lowest. The increase in 
cowpea flour proportion in the maize flour may be 
responsible for this. Fiber content may contribute 
to bulk and encourage bowel movement, discourage 
constipation and piles, reduce blood cholesterol 
and help prevent cancer of  the colon (Hung et al., 
2004). The moisture content of  the entire samples 
was low and ranged from 10.45 – 11.05%. The 
difference between the samples was minimal. 
The low moisture content is desirable since high 
moisture content may affect the storage ability and 
product quality (Agu and Aluyah, 2004). It also 
indicates that the sample blends can be kept for at 
least four months if  properly stored at appropriate 
conditions.  
Table 1: Proximate composition of  maize-cowpea ‘Kokoro’ blends
Sample  Moisture (%) Ash (%) Protein (%) Fat (%) Carbohydrate Crude 
      (%)  Fiber (%)
CAF 11.05 ± 0.04c 1.29 ± 0.00a 15.20 ± 0.00a 4.40 ± 0.10e 65.00 ± 0.04e 2.96 ± 0.05d
BCD 10.98 ± 0.01c 1.47 ± 0.01b 17.40 ± 0.00b 4.15 ± 0.00d 63.19 ± 0.00d 2.80 ± 0.10c
DBA 10.80 ± 0.16b 1.50 ± 0.02c 18.80 ± 0.00c 3.98 ± 0.01c 62.62 ± 0.00c 2.33 ± 0.05b
RST 10.70 ± 0.01b 1.76 ± 0.01d 20.05 ± 0.00d 3.59 ± 0.01b 61.04 ± 0.02b 2.50 ± 0.10a
ACB 10.45 ± 0.02a 1.90 ± 0.01e 23.03 ± 0.15e 3.24 ± 0.02a 59.17 ± 0.00a 2.23 ± 0.11a
Values are means of  triplicates, mean ± standard deviation. Carbohydrate was calculated by difference. Values in the 
same row with different superscript are significantly different (p < 0.05). 
maize: cowpea ratios; CAF(100:0), BCD (90:10), DBA (80:20), RST (70:30) ACB (60:40).
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There was significant difference (p < 0.05) in all 
the functional properties except swelling capacity 
and gel concentration as shown in Table 2. Water 
absorption capacity and oil absorption capacity 
increased with increase in cowpea blends with 
both values ranging from 186.67 – 210.00 g/100 
g and 163.33 – 195.00 g/mg respectively. The 
water absorption behaviour can be linked to the 
nature of  starch of  the maize and cowpea blends. 
Nature of  starch has been found to have effect 
on water absorption capacity (Finney, 1994). 
High water absorption capacity is also attributed 
to loose structure of  starch polymers while low 
value indicates compactness of  the structure 
(Adebowale et al., 2005; Oladipo and Nwokocha, 
2011). There was no significant difference (p > 
0.05) in the swelling capacity of  the samples. Value 
obtained (1.40%) was lower than that obtained 
from kokoro made from maize-benniseed blend 
(Ayinde et al., 2012). Finney (1994) reported that 
swelling capacity affects the temperature at which 
product forms gel. The result of  the foaming 
capacity showed there was significant difference 
between all the samples and it ranged from 30.73 
– 39.27% with sample CAF having the lowest and 
ACB, the highest. Formability is related to the rate 
of  decrease in the surface tension of  the air-water 
interface caused by absorption of  protein molecules 
(Eke and Akobundu, 1993; Mempha, et al., 2007). 
The values obtained for dispersibility, which is an 
index of  the ease of  reconstitution of  the samples 
in water ranged from 6.63 – 6.47%, with sample 
Table 2:  Functional properties of  maize-cowpea ‘kokoro’ blends
Sample Water Oil  Swelling Foaming Loose Packed  Least    Dispersi-
 Absorption Absorption Capacity Capacity Bulk Bulk  Gelation     bility (%)
 Capacity Capacity    (%)    (%) Density Density  Concen-
 (g/100g) (g/mg)   (g/ml) (g/ml)  tration 
        (%)
CAF 181.67 ± 2.89a 163.33 ± 2.89a 1.4 ± 0.00a 30.73 ± 0.31a 0.38 ± 0.00a 0.67 ± 0.00a 6.00 ± 0.00a 6.63 ± 0.06a
BCD 185.00 ± 0.00b 166.67 ± 2.89b 1.4 ± 0.00a 33.33 ± 0.21b 0.39 ± 0.01a 0.67 ± 0.00a 4.00 ± 0.00a 6.57 ± 0.06ab
DBA 193.33 ± 2.89c 175.00 ± 0.00c 1.4 ± 0.00a 35.00 ± 0.00c 0.39 ± 0.00a 0.68 ± 0.00b 4.00 ± 0.00a 6.50 ± 0.10b
RST 200.00 ± 0.00d 180.00 ± 0.00d 1.4 ± 0.00a 37.80 ± 0.20d 0.39 ± 0.00a 0.69 ± 0.00c 4.00 ± 0.00a 6.37 ± 0.06bc
ACB 210.00 ± 0.00e 195.00 ± 0.00e 1.4 ± 0.00a 39.27 ± 0.25e 0.40 ± 0.00b 0.68 ± 0.00d 4.00 ± 0.00a  6.47 ± 0.06c
Values are means of  triplicates. mean ± standard deviation. a,b,c…. Values in the same row with different superscript 
are significantly different (p < 0.05). maize: cowpea ratios; CAF (100:0), BCD (90:10), DBA (80:20), RST (70:30), 
ACB (60:40).
CAF (100%) having the highest and ACB(60:40) 
having the lowest. Similar trend was observed with 
kokoro made from maize-benniseed blends (Ayinde 
et al., 2012), and it showed that sample CAF has 
the ability to disperse more easily and faster in 
aqueous solution or during food processing than 
other samples. The results obtained for both loose 
and packed bulk density revealed an increase in 
bulk density with increase in cowpea flour; low 
bulk density will occupy more space if  packed in 
a container. The bulk density is generally affected 
by the particle size and it has relevant application 
in  packaging, transportation, raw material handling 
(Adebowale et al., 2008; Ajanaku  et al., 2012). 
The pasting characteristic of  the maize-cowpea 
blends is as shown in Table 3. The result of  the 
peak and final viscosity ranged from 1413 – 1765 
cp and 1915 – 2451 cp respectively. For the peak 
viscosity sample CAF (100:0) had the highest value 
while sample ACB (60:40) had the lowest value. Peak 
viscosity usually indicates the water binding capacity 
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of  a mixture in a product (Ingbian and Adegoke, 
2007). It is often correlated with final product 
quality and also an indication of  the viscous load 
likely to be encountered by a mixing cooker. Pasting 
temperature ranged from 83.2 – 86.30C. It provides 
an indication of  the minimum temperature required 
to cook a sample which can have implication on the 
stability of  other components in a formulation, and 
also indicates energy loss (Crosbie, 1991; Panozza 
and McCormick, 1993). The peak time was the 
same for all the samples except sample ACB 
(60:40) which had a time of  5 min. The breakdown 
is the difference between the peak viscosity and 
trough and is an indication of  the rate of  gelling 
stability which is dependent on the nature of  the 
product (Newport, 1998). Sample ACB had the 
highest value of  breakdown. This showed that the 
gelling stability reduced with increase in cowpea 
substitution. It is however noteworthy that sample 
ACB (60:40) had a higher value than samples BCD, 
DBA and RST. The pasting temperatures of  all 
the samples were low when compared to pasting 
temperature obtained for kokoro of  maize-beniseed 
blends (Ayinde et al., 2012).
Table 3: Pasting properties of  maize-cowpea ‘kokoro’ blends
Sample Peak  Trough Break Down Final Set Back Peak Pasting
 Viscosity Viscosity Viscosity Viscosity Viscosity Time Temp
 (cp)  (cp) (cp)
CAF 1765 1244 521 2451 686 7 86.3
BCD 1607 1081 526 2253 646 7 84.75
DBA 1431 955 476 2133 702 7 84.8
RST 1413 767 646 1931 518 7 83.2
ACB 1413 727 686 1915 502 5 83.95
Values are means of  triplicates. Maize: cowpea ratios; CAF (100:0), BCD (90:10), DBA (80:20), RST (70:30) ACB 
(60:40). Cp  means centipoise
The results of  the sensory properties of  samples 
are shown in Table 4. The results showed that there 
was no significant difference (p > 0.05) in all the 
samples for flavour. The results for taste showed 
that increase in cowpea flour resulted in a decrease 
in the sensory score. The cowpea inclusion was 
actually new to kokoro consumers. For crispiness, 
there was significant difference (p < 0.05) between 
samples ACB (60:40) and CAF (100:0) and sample 
CAF had the highest score while sample ACB, the 
least score. There was no significant difference in 
all samples in terms of  colour. The result showed 
that score for overall acceptability decreased with 
increase in cowpea flour. In all, the samples were 
highly rated by the panelists.
Table 4: Sensory evaluation of  maize-cowpea chips ‘Kokoro’ blends
Sample Crispiness Flavour Colour Taste Overall Acceptability
CAF 6.80 ± 2.08b 7.00 ± 1.30a 7.40 ± 1.05a 7.85 ± 1.23b 7.90 ± 0.79c
BCD 5.70 ± 1.81ab 6.55 ± 1.28a 7.15 ± 0.81a 6.90 ± 1.25ab 7.25 ± 0.79b
DBA 5.80 ± 1.77ab 6.80 ± 1.27a 7.00 ± 1.03a 6.35 ± 1.46a 6.75 ± 0.97ab
RST 5.90 ± 1.37ab 6.35 ± 1.23a 6.55 ± 1.82a 6.30 ± 1.65a 6.50 ± 1.28a
ACB 5.30 ± 1.81a 6.50 ± 1.47a 7.35 ± 1.14a 6.25 ± 1.55a 6.70 ± 0.92ab
Values are means of  triplicates. mean ± standard deviation. a,b,c…. Values in the same row with different superscript 
are significantly different (p < 0.05). 
maize: cowpea ratios; CAF (100:0), BCD (90:10), DBA (80:20), RST (70:30) ACB (60:40). 
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Maize grain        cowpea   
Precleaning        cleaning
Conditioning        dehulling 
   
Drying         drying
Dry milling        milling
Sieving                   sieving
     Mixing
   
                                   Reconstituting                 Onion, water, salt
   
                                     Kneading
   
                                  Rolling
                                              
                                            Frying at 170oC for 5 minutes
                                    Draining                           Oil
   
                                             Cooling
                                    Packaging
Fig.1: Process flow chart for kokoro made from maize-cowpea blend     
Source: (Olapade, 2002)
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Conclusion 
The study showed that low nutritional quality of  
kokoro can be improved through supplementation 
with cowpea flour. This is reflected particularly 
in the improved protein (15.20 – 23.03%) which 
increased with increase in cowpea flour. Kokoro 
from maize cowpea blend can serve as a nutritious 
food or snack and help redress the problem of  
protein-energy malnutrition. The supplementation 
of  maize with cowpea flour significantly improved 
the functional properties of  the blends. Sensory 
evaluation showed that consumers tend to prefer 
kokoro from 100% maize. However, it may be 
due to familiarity with kokoro made solely from 
maize. The percentage inclusion of  the cowpea 
may depend on the consumer preferences and this 
should be applied gradually to encourage familiarity 
with time. Although the overall acceptability was 
favourable compared to the control products, the 
beany taste of  cowpea in the kokoro should be 
improved upon.
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